Isolation of viable uncontaminated
Chlorella from green hydra'
Abstract-Symbiotic
Chlorella isolated from green hydra by simple techniques of homogenization and centrifugation have been found to be contaminated with comparatively large amounts of animal debris. Additional washing with sodium dodecyl sulfate (SDS) removed virtually all contaminating host protein from the Chlorella without affecting its viability.
Symbiotic Chlorella lives in intimate association with digestive cells of green hydra. Depending on the strain of hydra, on average lo-25 algae are contained in each digestive cell, and each alga is enclosed by a vacuolar membrane of host origin (Oschman 1967) .
Previously, algae have been isolated from green hydra simply by homogenizing animals in hydra medium (M solution: Muscatine and Lenhoff 1965) to release intact algae and washing the algae by repeated centrifugation. However, the algae obtained by this method are contaminated by significant amounts of host material. Mews (1980) showed that about 6% of total maltase activity (an enzyme possessed by the hydra but not by the algae) persisted in the algal fraction after three washes by centrifugation in M, and Douglas and Smith (1983) found that when cultured algae were suspended in homogenates of aposymbiotic hydra proportionate to the normal symbiosis, the algal pellet contained 2.5-3 times the original amount of protein after a single centrifugation. Contamination of symbiotic algae with host material may lead to serious underestimation of the ratio of host to algal biomass (Douglas and Smith 1983) , and contamination of isolated zooxanthellae has been shown to affect measurements of respiration (Tytler and Spencer Davies 1983) . The presence of host material may also affect biochemical assays of the algae.
Described here is a method modified from that of Meints and Pardy (1980) which provides a suspension of viable algae essentially free of host contamination.
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Green hydra of the European strain were grown as described by McAuley ( 19 82).
Cultures of the NC64A strain of Chlorella were grown in Kessler's medium (Kessler et al. 1963 ) enriched with 0.5% (wt : vol) yeast extract in an orbital incubator at 18°C with continuous illumination (irradiance 5 x 1 OF5 PEinst m-* s-l). Algae were harvested from 2-week-old stationary stage cultures. Protein content of the algae was determined by the calorimetric method of Lowry et al. (195 1) after samples had been freeze-thawed and extracted with an equal volume of 0.4 M NaOH for 1 h. Absorbance was measured at 750 nm to avoid the effect of chlorophyll and was compared with standards prepared with bovine serum albumin (Fraction V: Sigma Chem. Co.).
The method of preparing symbiotic algae is based on that of Meints and Pardy (1980) , who homogenized green hydra in 0.5% sodium dodecyl sulfate (SDS) and washed the isolated algae three times in M solution. I used a 0.05% (wt : vol) SDS solution to wash the algae after homogenization, since the concentration used by Meints and Pardy caused loss of viability of algae of the European strain of green hydra (E. Jolley and P. J. McAuley unpubl. obs.). Further, SDS was dissolved in distilled water rather than in M solution, as the calcium present in the latter was found to precipitate the SDS. The procedure for preparing uncontaminated symbiotic algae is summarized in Fig.  1 . During the first centrifugation with SDS a mat of discharged nematocysts formed on top of the algal pellet and was removed by gentle pipetting; because this inevitably removed some algae, this method yielded slightly lower numbers of algae (80-90%) than simply washing with M. When the algal pellet was resuspended, the suspension consisted of single, unclumped cells. Moreover, algae washed with SDS did not clump during fixation, although this is a characteristic problem with algae washed with M solution. The algal suspension was almost entirely free of animal cell fragments, although a few nematocysts remained.
Removal of animal contamination by SDS washing was confirmed by measuring the apparent protein content of symbiotic algae washed with SDS or with M (Table 1 ). The amount of protein per alga was significantly lower in suspensions washed with SDS, but the viability of the algae showed no difference from those washed with M when tested by the fluoroscein diacetate assay (Widholm 1972) . This supports the idea that SDS washing removed contaminating host protein rather than algal protein from the suspension.
The effectiveness of SDS washing at removing host protein from the algae was tested by mixing NC64A algae with homogenates of aposymbiotic hydra by the protocol of Douglas and Smith (1983) and comparing the apparent protein content of these algae after washing with either SDS or M with that of uncontaminated controls. There was no difference in algal protein content in uncontaminated algae washed with Table 2 . Effect of washing with M or SDS on apparent protein content (pg alga-') of NC64A algae after contamination with homogenates of aposymbiotic hydra. Figures are means + SE of the mean of three replicate experiments in which three samples were centrifuged once and assayed for protein content (controls) or centrifuged and resuspended in homogenates of aposymbiotic hydra and washed according to the protocol given in Fig. 1 using either These experiments demonstrate that washing algae by centrifugation with 0.05% SDS after isolation from green hydra by homogenization provides symbiotic algae essentially free of contaminating animal debris that would otherwise compromise biochemical assays and determination of protein content. Adjustment of the volume of SDS solution used would allow any number of algae to be isolated easily and rapidly. This method may be applicable to other algal-invertebrate symbioses as long as the viability of the algae is not affected. P. J. McAuley*
